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Abstract暋Inordertounderstandtheseaicetypesanditsregionoforiginfrozen
inWeddelSea,27icecoresweretakenfrom Weddel Sea,Antarcticaduring
SeptemberandOctober,2006.Theircrystalswereanalyzed,andtheiriceform灢
ingprocesseswereevaluatedbasedonthecrystals.Photosofthethinsections
fromtwowholeicecores,andfrompolygonalgranularsuperimposedicewere
takenaswelascorrespondingstratigraphydescriptions.Verticalprofilesofsa灢
linity,densityandgrainsizewerealsoobtained.Basedonicecorestructuraltex灢
ture,thefindingsincludethat:1)althoughlargeandsmoothicefloeswerese灢
lectedastheinvestigationsites,theicesheetatthesamplingpositionmaybe
formedbyraftedice,consolidatediceridgesandsecond灢yearicewhichwereaf灢
fectedbydynamicandthermodynamicprocessestogethersubsequently.Ice
formedinpurethermalgrowthcomprisesminority.Thepolygonalgranularsu灢
perimposedicefromrefrozenwetteddensesnowisonetypeoftheiceinAntarcti灢
ca.2)Oftheal27icecores,thegranular,mixedgranular灢columnarandcolum灢
narcrystalsinseaiceoccupy28.7%,14.4%and55.2%,respectively.3)The
purethermalgrowthiceispredominantinmarginalseaicezone;theraftedice
andconsolidatediceridges,evensecond灢yeariceandpolygonalgranularsuperim灢
posedicefromdynamicandthermaleffectswerefoundinfrontofLarsenAIce
Shelf;thethermalgrowthicefrozeinthepolynyasofLarsenA,andwastrans灢
ferredoutwards.
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1暋Introduction
Newice,first灢yearice,multi灢yearice,iceridgeandsuperimposedicearecom灢
moninpolarseas.Seaicecrystalschangewithiceformingprocesses.Fromtheview
oficephysics,thecombinationofcrystal,temperature,salinityanddensityofseaice
dominatesitsotherproperties.Duringthephysicalandecologicalinvestigationsof
seaice,aquantityoficecoreswerecolectedandtheverticalprofilesofcrystaltypes,
temperature,salinityanddensityweredetermined[1,2].Chinesescientistsalsostud灢
iedthecrystalsofAntarctic[3,4]andArctic[5]seaice,usualytherewereafewice
coresinacruisewhichdidnotlikeothers[6].Thispaperpresentstheanalysisonthe
crystaltypesfrom27icecoresand2superimposedicesamplesobtainedduringthe
cruiseofWinterWeddel OutflowStudyin WeddelSea,Antarctic(WWOS06)in
2006[7].
Fig.1暋Mapofsamplingstations,navigationaltracksandgeographicalsub灢regions(stationnumber
issamplingdate,monthanddate).
2暋Fieldinvestigation
暋暋From24thAugustto29thOctober2006,GermanAlfred灢WegenerPolarandO灢
ceanInstituteorganizedthescientificexpeditiontoinvestigateseaicephysicsandoce灢
anographyintheWeddelSea(WWOS06)[7].During41灢daysexpedition,atotalof
28icestations(22ship灢basedand6helicopter灢based)wereperformed(Fig.1).In
eachicestation,anintegralicecorefromicesurfacetobottomwasdriledforicetex灢
tureanalyses.Seaicetemperaturewasmeasuredimmediatelyaftercoringbydriling
sidewaysintothecoreandmeasuringinternaltemperatureusingahandheldPt灢1000
thermometer,withaverticalintervalof5to10cm.Thenthecorewasbroughtinto
afreezinglab(-15曘C)onboardandspiltintotwosectionsbyabandsawalongthe
longitudinaldirection,andathicksection(about0.5cminthickness)wascutfrom
onepartofthetwosectionsfortextureanalysis,icecrystalobservationsandphotog灢
raphybetweencrosspolarizers.Thestructuralicetypesprovidefolowingevidences:
theicegrowthratevariationsinicethermalgrowthprocess,icethicknessincreasein
dynamicprocessesandsnowcontributiontoseaicethickness.Therefore,piecesof
7—11cminlengthwerecutfromthethicksectionfragments.Thesepiecescovered
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wholeicecoreorthepartswithspecialicecrystals.Theneachpieceofthecutthick
sectionwasfrozenonaglassof12cm暳12cmbycoldfreshwater.Laterthepieceof
thicksectionwiththeglasswasfrozenonmicrotomeandwascutintothinsections
with0.05-0.1cminthickness.Thecrystaltypesofthethinsectionswereobserved
andtakenphotographsbetweencrosspolarizersandtheairbubblesinthethinsec灢
tionswereobservedandtakenphotographsunderdiffuselight.Basedontheobserva灢
tion,thestratigraphyoficetypescanbedetermined.Thentheothersectionofthe
twosectionswascutintosmalblocksof2to10cminthicknessandmeltedforsalin灢
ity,density measurementsaccordingtostratigraphicunits.Totaly,27icecores
from28icestationswerecolectedandperformedtheanalysesofcrystal,tempera灢
ture,salinityanddensity.Inaddition,46thinsectionsfrom15icecoreswerecut
andusedforobservationofcrystalsandphotographs.
3暋IcecrystalsinWeddelSea
3.1暋Icecrystalsforminginpurethermalgrowthicesheet
Incalmwater,thesurfacelayerofseaiceisthegranularcrystalsbecausesea
waterisfrozenrapidlyinthermodynamicprocess.Withthedecreasingicegrowth
rate,icegrainshaveenoughtimetogrow.Theircrystalsareheldbyothersbeside.
Thecorrespondinggrowthratedownwardisfasterthanothers,andcrystalsbecome
columnarformation.Thegrainsizeofcolumnarcrystalinthehorizontalplanein灢
creaseswiththeincreaseoficedepthanddecreaseofgrowthrate.Betweenthegran灢
ularandcolumnarcrystals,thereisatransitionzoneofgranular灢columnarcrystal.
Usualy,thereareseveralcoldsnapsinawinter,whichresultinthefastgrowth
rate,makingtheformationofgranularcrystalandcolumnarcrystalalternatively
fromsurfacetobottominanicesheet.Withtheincreaseoficethickness,theice
growthrateslowsdownandthecoldairsnapsaffectlittleonthegrowthrate,and
thegranularandcolumnarcrystalsalternationisrare.ThiscaseoccurredintheBo灢
haiSeaandtheArcticseaicewhichformedinpurethermalfrozenprocess[5].The
purethermalfrozenicecrystalinWeddelSea,AntarcticissimilartothatintheBo灢
haiSeaandArctic.Thestratigraphyandcrystalphotographsofanintegratedfirst灢
yearicecore(060910TEX)fromthepurethermalprocessareshowninFig.2,
whichiscolectedinthemarginalareaoffloatingice.Anditsverticalprofilesofsa灢
linity,densityandgrainsizearegiveninFig.3.Thedensityprofileofthiscoreisin
linewiththe“?暠shapeoftheAntarcticice[8],whileoutsideofthesurfacelayerthe
salinityprofileagreeswiththe“C暠shapeandmeangainsizeoficecrystalsincreases
withtheicedepth.
3.2暋Icecrystalsfromdynamicgrowthicesheet
Inwinter,icesheetcrusheseasilybecauseoftheforcesfromoceancurrent,
wave,windandthemovementdiscrepancyamongthebrokenicesheets.Thefrac灢
turediceundergoesthedispersionandtheaggregationthatcanleadtoasuddenin灢
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creaseinicethickness.Thenowingtotheinfluenceofcoldairsnaps,thecrackedice
refreezesandtheconsolidatedraftedice,iceridgeandsoonform.Whiletheconsoli灢
datedicegoesoversummer,itssurfacelookslikeaplaneandtheicecorescolected
seemtobeintegral.Thedifferencesofraftedicecrystalandstratigraphycompared
tothepurethermalfrozenicearediscoveredinthethinsectionbetweencrosspolariz灢
ers.Thecharacteristicsoftheraftedicecrystalareclearinterfacesbetweengranular
crystalandcolumnarcrystals,eventhecrystalshaveinclinedanglesinsomeparts
whicharebrokeniceblocks.Thewaterinthespaceoficeblockswasfrozenand
formedfinegranularcrystal.Simultaneously,theseprocessesresultintheabnormity
ofthesalinity,densityincoresandthereisnocomparabilityamongthecoresindif灢
ferentpositionsofoneicesheet.
Fig.2暋Thestratigraphyandcrystalphotographsbetweencrosspolarizersoficecore060910TEX.
Fig.3暋Theverticalprofilesofsalinity,densityandmeangrainsizeoficecore060910TEX.
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暋暋Theicecore061005TEXwasdriledfromthefirst灢yearhummockediceinfront
oftheLarsenAIceShelfinWeddelSea.Fromsurfacetobottom,thecorehasfour
layersofraftediceabout15cminthickness,hummockedicewithdifferentdirections
andnewcolumnariceduetotherefrozenandconsolidation.Itiscommonthatthe
raftediceonlyappearsinthethiniceareas,whileiceridgeonlycreatesinthethick
icearea.Itisobviousthatthealternationofgranularandcolumnarcrystalsintheup灢
persectionoftheicecoreiscreatedbyrafting.Thestratigraphyandcrystalphoto灢
graphsoficecore061005TEXareshowninFig.4.Itsverticalprofilesofsalinity,
densityandgrainsizevaryerraticalywithinthedepthof0—80cm.Belowthe
depth,thesalinityprofilealmostfolowsthe“C暠shapeand
Fig.4暋Thestratigraphyandcrystalphotographsbetweencrosspolarizersoficecore061005TEX.
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themeangrainsizeofcrystalincreaseswiththedepth(Fig.5).
Fig.5暋Theverticalprofilesofsalinity,densityandmeangrainsizeoficecore061005TEX.
3.3暋Thepolygonalcrystalinsuperimposedice
Fortheseaiceiscoverdbysnow,thesnowcovercandecreasethegrowthrate
ofseaiceandalsotransformintosuperimposedice,thereforeincreasingtheicethick灢
ness[9].Althoughtheamountofsuperimposediceisquitefew,scientistshavepaid
muchattentiontoitsphysicalformingprocessesanditscontributionstotheicethick灢
ness[6,10].Aftersnowfalsonicesurface,itsdensityandgrainsizeincreasethrough
aggradationandconsolidationwithtime.Whenthesnowmelts,thewaterinsidemi灢
gratestotheinterfacebetweensnowandice,thesnowcrystalschangewiththe
processandrefreezeintosuperimposedicewithpolygonalcrystals.Betweencross
plarizers,thehorizontalthinsectionofsuperimposediceshowsangulargrainscrys灢
tals,whiletheverticalthinsectionshowsgranularorcolumnarcrystals.Thecorre灢
spondingcrystalsizedecreaseswiththedepthbelowsuperimposedice.Inthiscase,
thesalinityinsuperimposediceiscloseto0.Acaseofsimilarcrystalswasfoundin
thethinsection,thesalinityiniceismuchhigherthanthatinuppersectionofsea
ice.Apossibleexplanationisthattheiceresultsfromakindofslush.Itshighersa灢
linitycomesfromtheseawaterwhichflowsthroughicecrackswhilesnowwasthic灢
kerandthefreeboardwasnegative.Ifthesnowabsorbstheupwelingseawaterlit灢
tleandthereisenoughtimeforsnowcrystalschangingandrefreezing,itispossible
toformthepolygonalcrystalsaswel.Photographsofpolygonalcrystalsofsuperim灢
posediceareshowninFig.6,and
a)061018TEX(snow)灢group1crystal
inhorizontalsection
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b)061001SURFcrystalinverticalsection
Fig.6暋Photographsofpolygonalcrystalsofsuperimposedice.
theirverticalsalinityprofilesofthetwo
icecoresaregiveninFig.7.
a)061018TEX(snow)灢group1icecore
b)061001TEXicecore
Fig.7暋Theverticalsalinityprofilesoftwosuperimposedicecores.
4暋Thedistributionofseaicecrystal
typesinWeddelSea
暋暋Accordingtothetextureandcrys灢
taltypesof27icecores,itiseasyto
findoutthatthecrystalsinuppersec灢
tionoficecoresaregranularcrystals
primary;thecrystalsinmiddlesectionoficecoresaregranularcrystalsorthealter灢
nategranularandcolumnarcrystalsatrandombecauseofthegrowthratevariation
fasterorthecasesofraftedicewithintheice;andcolumnarcrystalsarecommon
nearthebottomoficesheet.Iftheicecoredriledfromarefrozentiltediceblock,
thecrystalisgranularorcolumnarinalargerangeofthecore.Iftheicecoredriled
fromthefrozenseawateramongthespacesofsmalbrokenicepieces,theicecrystal
showsthenon灢orientationmixtureoffrozenwatercrystalandgranularand/orco灢
lumnarseaicecrystals.Thestatisticalresultsrevealthatthetotallengthof27ice
coresis3477cm,thegranular,mixedgranular灢columnarandcolumnarcrystalsinice
occupied28.7%,14.4% and55.2%respectively,andespecialytheproportionof
polygonalcrystalisonly0.66%.
Althoughalargeflaticefloewasselectedastheicesamplingsite,itisuncertain
thattheflaticefloeisformedfromthepurethermalgrowth,becausetheicefloesur灢
faceusualywasrebuiltbyicedynamicprocess,andreformedbythermalprocess.
Theseprocessesmakethesurfaceoffirst灢yearraftedice,thesecond灢yearreformed
iceorconsolidatediceridgesmootherthanthatoftheiceintheyoungstage.Only
accordingtothestratigraphyoficecoretexture,verticalprofilesofsalinity,density
andoxygenisotope[11],thetypeoficecouldbedeterminedexactly.Al27icecores
informationandiceformingprocessesaresummarizedinTable1.Thistablegives
theicecrystaldistributioninplanealongthecruisetrack.Basedontheinvestigation
sitesandthedependenceoficeformationuponthegrowthcondition,threeareas
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weredivided,whichareshowninFig.1[7].Theyare:AREAI,themarginalareaof
thefloatingice;AREAII,thefirst灢yearandsecond灢yeariceareasfromdynamic
process;AREAIII,thefirst灢yeariceareafrompolynyasLarsenA.Onlyfourcores
inthetotal27icecoresinthecruisetrackaresecond灢yearice,whichdemonstrates
thatfirst灢yearicedominatestheiceinWeddelSea.IntheAREAI,aloffourcores
arefirst灢yearice.Inthem,threeonesareformedbythepurethermalgrowthandone
issuperimposedicewithpolygonalcrystal.Theyrevealthatalthoughinthemarginal
areaofthefloatingicetheinfluenceofoceanwaveisobvious,theraftingandridging
hardlyoccurbecauseoftheiceconcentrationislowerinAREAI.IntheAREAII,
threeoftencoresaresecond灢yearice.Amongthem,threecoresareformedbythe
purethermalgrowthandothersevencoresexhibittheevidencesofdynamiceffect.
Thesedemonstratethaticedynamicprocesscontributestothesuddenincreaseofice
thickness,andthereisicewhichnotmeltedcompletelyinlastsummerandtheicere灢
frozeinthewinter.IntheAREAIII,amongthethirteenicecores,oneissecond灢
yearice,fivecoresareformedinthepurethermalgrowthandeightcoreshavethe
evidencesofdynamiceffect.Thesearetheevidencesthatthespeeddifferencesbe灢
tweenicebergsandicefloesinfrontofLarsenAsupplythedynamicforcetoicede灢
formation,andthepolynyasinfrontofLarsenAaretheoriginalplaceofnewice
formingwherealargeamountofpurethermalgrowthiceistransferredoutward.
Table1.暋Summaryoficecoresinformationandiceformationprocesses
Area Nameoficecores
Length
ofcores
/cm
Positionand
typeofcores Area
Nameof
icecores
Length
ofcores
/cm
Positionand
typeofcores
I 060908TEX 62 first灢yearice
,withtwo
timesoffastgrowth III 061001TEX 216
second灢yearice,conso灢
lidatediceridge
I 060909TEX 106 first灢yearice
,withtwo
timesoffastgrowth III 061002TEX 124 first灢yearice
,rafted
I 060910TEX 85 first灢yearice
,withtwo
timesoffastgrowth III 061003TEX 132
first灢yearice,withtwo
timesoffastgrowth
I 061018TEX 132 superimposedice
,raftedice
andregrowthfirst灢yearice III 061004TEX 151
raftediceandregrowth
first灢yearice
II 060919TEX 175 second灢yearice
,conso灢
lidatediceridge III 061005TEX 157
first灢yearice,multi灢
layerrafted
II 060920TEX 73 first灢yearice,rafted III* 061008TEX 125 first灢yearice
,withone
timeoffastgrowth
II 060921TEX 137 first灢yearice
,withtwo
timesoffastgrowth III
* 061009TEX1 122
raftediceandfirst灢year
icewiththreetimes
offastgrowth
II 060922TEX 237 second灢yearice
,conso灢
lidatediceridge III
* 061009TEX2 151 first灢yearice
,withthree
timesoffastgrowth
II 060923TEX 113 first灢yearice
,withonetime
offastgrowth III
* 061009TEX3 68 first灢yearicefrombrokenicepiecesrefrozen
II 060924TEX 88 first灢yearice
,conso灢
lidatediceridge III
* 061009TEX 122 first灢yearice
,withone
timeoffastgrowth
II 060926TEX 97 first灢yearice,rafted III 061011TEX 97 first灢yearice
,withone
timeoffastgrowth
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II 060928TEX 195 second灢yearice
,
consolidatediceridge III 061012TEX 228
first灢yearice,conso灢
lidatediceridge
II 060930TEX 126 first灢yearice,rafted III 061017TEX 130
superimposediceand
first灢yearicewiththree
timesoffastgrowth
II 061013TEX 132 first灢yearice
,withthree
timesoffastgrowth
Note:Thefirstpartoficecorenameisthedateofsampling(year,monthanddate)andthesamplingpo灢
sitionisinFig.1;the*icecoresweredriledfromtheareainfrontofLarsenA.
5暋Conclusions
暋暋1)TheAntarcticWeddelSeahassuperimposedicewithpolygonalcrystalbe灢
sidestheseaicewithgranularcrystal,columnarcrystal,mixedgranularandcolum灢
narcrystalsandiceneedle.Thesuperimposedicehaspolygonalgranularcrystalsin
thehorizontalthinsections,whileitiscolumnarcrystalorgranularcrystalinthe
verticalthinsections.Itscrystalsizedecreasewiththeicedepthanditssalinityhas
muchdifferencebasedonthewateroriginalresourcesinsnow.
2)Amongthe27icecores,thegranular,mixedgranular灢columnarandcolum灢
narcrystalsinseaiceoccupied28.7%,14.4%and55.2%respectively.Thepropor灢
tionofsuperimposedicewithpolygonalcrystalisonly0.66%.
3)First灢yeariceisprimaryinWeddelSea.Thethermalgrowthiceispredomi灢
nantinthemarginalarea.Mostoffirst灢yeariceandsecond灢yeariceareinfluencedby
thedynamicprocess.InfrontofLarsenA,thespeeddifferencesbetweenicebergs
andicefloescausethedynamicforcewhichresultsinicedeformation.Alsothereis
muchthermalgrowthicewithgranularandcolumnarcrystalswhichistransferred
outwardscontinualybywindsandcurrentsinthelargeareaofpolynyas.
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